Increased sensitivity to epinephrine of blood vessels deprived of their sympathetic nerve supply was first demonstrated in man by Freeman, Smithwick, and White (2) . In patients with Raynaud's disease they found that the fall in temperature in the fingers resulting from daily intravenous epinephrine infusions became greater on the eighth to eighteenth day after the limbs had been sympathectomized. The increase in sensitivity was thought to be much greater following postganglionic denervation than after preganglionic decentralization (3) . In monkeys, Ascroft (4) estimated that the postganglionic operation caused more than three times as much hypersensitivity as the preganglionic. By contrast Fatherree, Adson, and Allen (5) considered that both operations caused about the same degree of hypersensitivity, which opinion is supported by Duff (6) . All these studies were confined to the blood vessels of the skin.
Concerning the effect of sympathectomy on the sensitivity of the blood vessels in skeletal muscle in man, information is incomplete. - In a study of the circulatory differences between hands and forearms it was incidentally noted by Grant and Pearson (7) that the dilator response of the forearm to epinephrine was increased in one patient following sympathectomy. In patients with peripheral arterial disease sensitization of the muscle vessels of the lower limb has been reported to follow preganglionic section (8) .
In their investigation of the blood flow in human skeletal muscle Allen, Barcroft, and Edholm (9) 1This study was aided in part by a grant from the showed that, during intravenous epinephrine infusions, marked vasodilatation of the forearm occurred early, both in normal and in sympathectomized limbs. Pursuing this study of the effect of epinephrine on muscle blood flow, Duff and Swan (10) reported that during intravenous epinephrine infusions the initial marked dilatation was succeeded by a second phase of moderate dilatation in normal but not in sympathectomized limbs. Because of its absence in chronically sympathectomized limbs this secondary vasodilatation was at that time thought to be an indirect vasomotor effect mediated by the sympathetic nerves. Re-examination of their data in the light of some subsequent critical experiments now reveals that the difference which they found between normal and sympathectomized limbs may be ascribed largely to vascular hypersensitivity in the latter.
In the present paper these additional data are reported, and are incorporated with those of Duff and Swan (10); the whole material being interpreted to provide evidence that hypersensitivity of the vessels of skeletal muscle in the upper and lower limbs may result from pre-and postganglionic sympathectomy in man.
SUBJECTS
In 15 experiments the blood flow responses to epinephrine in the forearm and calf were measured plethysmographically in five healthy and three sympathectomized subjects additional to the 30 healthy and 13 sympathectomized cases studied by Duff and Swan (10) . In the combined group of patients sympathectomy had been performed for Raynaud's disease, hyperhidrosis or causalgia, and one subject had suffered traumatic sympathectomy of one upper limb. The ages of these subjects ranged from 19 to 44 years and none had any evidence of impaired circulation through the muscle of the extremities studied. Tests had been performed to make certain that each sympathectomized limb had complete and effective interruption of the appropriate sympathetic pathway. Failure to exhibit vasodilatation or sweating following indirect heating sufficient to raise the body temperature by 1°C. was taken as good evidence of the absence of vasomotor nerves.
METHODS
The venous occlusion plethysmograph, which was employed, is based on the principle that brief application of a pressure which occludes the veins but not the arteries of a limb causes congestive swelling of the tissues distally, swelling at a rate exactly equal to that of the arterial inflow (11) . The 10 minutes with saline containing the requisite amount of synthetic levoepinephrine bitartrate (supplied by British Drug Houses, Ltd.) after which the plain saline infusion was resumed. Records of blood flow and of blood pressure were obtained regularly each half minute throughout both the saline and the epinephrin'e periods. For all the intravenous studies the amount of epinephrine delivered was 10 jAg. per min. The characteristic symptoms and changes in respiration, heart rate and blood pressure have alr'eady been described (10) .
In Figure 1 .
With the first infusion of epinephrine the initial rise in flow on the sympathectomized side reached 15.4 ml. per 100 ml. per min., or 12.3 ml. above the control flow, as compared with a peak of 13.4 ml., or 11.3 ml. above control, on the normal side. During the second phase the contrast was more marked. On the normal side the blood flow returned to a level about double the resting rate, but in the sympathectomized forearm the flow returned to, or slightly below, the control level.
In addition to these differences the second epinephrine infusion revealed that the vasodilatation started some one-half minute earlier in the sympathectomized than in the normal forearm. This accelerated response was observed on several occasions in sympathectomized limbs.
2. Comparison of normally innervated and sympathectomized calves. The blood flow in both calves of a young woman who had undergone unilateral lumbar preganglionic sympathectomy one month previously for causalgia of the right foot is charted in Figure 2 . On the sympathectomized side the initial vasodilatation occurred one-half minute earlier and reached a peak of 11.8 ml., or 9.3 ml. above control, as compared with a peak of only 6.8 ml. or 4.1 ml. above control in the normal limb. During the subsequent phase irregular vasodilatation was present in the normal but not in the sympathectomized calf. Table I . Of the and summarized in Table II . The mean control s the maximum rise in blood flow was greater in the sympathectomized rht out of ten instances, than in the normally innervated group of foreten of the normally in-arms. The difference may be attributed to chance variations of small numbers of observato the calves, the peak tions, but its occurrence made desirable an analyympathectomized limbs sis of the influence of the control rate of blood hile in only three of the flow on the response to epinephrine (Table III) . (9, 10, 15, 16) that the initial vasodilatation in muscular segments of the limbs during infusions of epinephrine results from the direct action of epinephrine on the muscle vessels. The present finding that the magnitude of this initial increase in flow is greater in sympathectomized than in normal limbs is therefore direct evidence that sympathectomy increases the sensitivity of muscle vessels to this action of epinephrine.
The conclusion of Stein, Harpuder, and Byer (8) Concerning the second (late) phase of the response of muscle vessels during intravenous epinephrine infusions, it had already been shown that the normal dilatation was reduced or absent in sympathectomized limbs (10) . In several sympathectomized individuals the blood flow, especially in the calf, was reduced below the control level, indicating actual vasoconstriction (Table  II) .
Direct infusions into the brachial and femoral arteries of epinephrine in amounts calculated to be somewhat higher and lower than that distributed through these vessels during intravenous infusion of 10 ug. per min. produce vasodilatation in the forearm and calf only during the first phase (10, 15, 17) . During the second phase the blood flow is either at or slightly below the control level. Increasing the epinephrine concentration in intraarterial infusions tends to cause greater vasoconstriction during this second phase (10) .
The sustained moderate vasodilatation in normally innervated forearms and calves during the latter part of the intravenous epinephrine infusions was therefore due to some non-local effect of the epinephrine (10). This could have been produced by the intravenous epinephrine in three ways: a) elevation of systemic arterial blood pressure; b) neurogenic sympathetic reflexes; and c) liberation into the circulation of a vasodilator substance or substances.
The pressor effect of intravenous epinephrine in the concentration of 10 ug. per min. was shown to be insufficient to account for more than a small proportion of the increased blood flow during this period (10). Whelan's recent demonstration that the second phase of dilatation still occurred in forearms in which the vasomotor nerves were paralyzed by nerve block renders the neurogenic theory untenable (15) . He has adduced evidence suggesting that some (as yet unidentified) humoral mechanism may be responsible for the phenomenon (15) . If this be so then the inhibition or reversal of the normal second phase dilatation in the sympathectomized limbs can be satisfactorily explained only in terms of an increased sensitivity of the muscle vessels to the direct constrictor action that is normally revealed only by direct intra-arterial infusions of relatively high concentrations of epinephrine. Figures 1 and 2 indicate that in individuals with sympathectomized extremities the systemic dilator mechanism (whether humoral or otherwise) was in operation, for the normally innervated limbs obtained good second phase dilatation.
In respect to the type of operation, all the calves were sympathectomized by preganglionic decentralization, while six of the 11 forearms were sympathectomized by postganglionic denervation. There seems little doubt therefore that preganglionic and postganglionic sympathectomies are both capable of causing hypersensitivity of muscle vessels. Because of the small number of cases, 855 valid comparison of the two types of operation was not possible. However, the results do suggest that the degree of sensitization of the mixed group of forearms was no greater (indeed perhaps less) than that of the decentralized calves. Precise elucidation of this matter must await further comparable studies of a larger number of cases.
It has hitherto been assumed (18) that the consistently better clinical results with sympathectomy of lower than of upper limbs were largely due to the reduced liability to hypersensitivity following lumbar sympathectomy, because this operation produces decentralization rather than denervation of the vessels. There is little doubt that the treatment of vasospasm.by surgical sympathectomy is more beneficial in the lower than in the upper limb, but in the opinion of many practising surgeons (19, 20) 
